Abstract Abstract objective: To evaluate the validity of the Medication Adherence Self-Report Inventory (MASRI) questionnaire in determining antimuscarinic drugs adherence in patients with urinary incontinence (UI).
Introduction
Urinary incontinence (UI) is a common complaint, which the ICS defines as 'any involuntary leakage of urine' and is classified into urgency UI (UUI), stress UI (SUI), and mixed UI (MUI) [1] . The prevalence of UI is usually 29% [2] to 41.4-44% [3, 4] , but can be as high as 54.8% [5, 6] . Direct economic costs of UI treatment are very high and comparable to the cost of treatment of diabetes and chronic obstructive pulmonary disease. UI affects productivity and is accompanied with frequent daily work breaks [7, 8] , and it negatively affects health-related quality of life [9] . Today, there are numerous effective and safe drugs for the treatment of UI (the first-line being antimuscarinics), but the results of their use often differ from the expected [10] [11] [12] [13] . The important factor affecting the efficacy of UI treatment is patient's adherence to the prescribed drugs. Inaccurate and incomplete adherence to the requirements of a physician can lead to drug replacement, increasing doses being prescribed, and, eventually, to a reduction in the treatment efficacy and an increase in its cost [14, 15] .
The adherence level, according to practitioners often appears to be lower than that reported in randomised clinical studies [16] . Tools used for studying the level of adherence to treatment include, as a rule, electronic devices recording the number of pills administered, pharmacy records, pill count, and some interviewer questionnaires. Electronic pill counters are often used in randomised clinical studies, but are an expensive and inconvenient tool in clinical practice [17, 18] . The interviewer questionnaires currently used in clinical practice for measuring adherence and determining reasons for the refusal of treatment, e.g. the Brief Medication Questionnaire (BMQ), have high construct validity as compared with other tools. However, these questionnaires may also be too complicated and timeconsuming for patients [19, 20] .
Today, to measure treatment adherence and evaluate difficulties in following physician's instructions, the Medication Adherence Self-Report Inventory (MASRI) is proposed for use. This brief tool for evaluating adherence and reasons for the refusal of treatment has proved itself to be effective in studies in patients with various chronic diseases, as well as in women with overactive bladder (OAB) [15, 21] . However, to date, no one has studied its validity for evaluating adherence and possible reasons for non-adherence to prescribing instructions in patients with various forms of UI in the population in general. Also, the correlation of objective indicators of the functional state of the lower urinary tract (LUT) with MASRI data on treatment adherence remains unstudied, which could provide additional information on the validity of this questionnaire.
The objective of the present study was to evaluate the MASRI efficacy compared to the standard BMQ questionnaire in individuals of both sexes with UI, with objective control of the LUT state. and MUI (ICD-10-CM N39.46). Voiding diaries were used for evaluating the number of UI episodes [22] .
Patients and methods

This
The exclusion criteria were: SUI, contraindication to antimuscarinics and their current or recent (<6 months before) use, severe neurological diseases, current or chronic UTIs, acute urinary retention, a reduction of the QT interval, and terminal cancer. The study protocol was approved by the Ethics Commission of the Far Eastern Federal University. All patients signed a document of informed consent for participating in the study. The principles of the Declaration of Helsinki were used in planning and implementing the study.
At the preliminary stage of the study, all patients completed voiding diaries over a 1-month period. To exclude symptoms of OAB they also completed the Overactive Bladder Questionnaire-Short Form (OABq-SF). Further, for those who did not have OAB symptoms but had only UI complaints, uroflowmetry and completion of the International Consultation on Incontinence Questionnaire-Short Form (ICIQ-SF) were used to clarify the diagnosis. ICIQ-SF includes two main sections; subsections three, four and five in it describe LUTS, including the number of UI episodes. Symptoms severity is assessed using a scale from zero to 21 points. All patients were instructed to take the antimuscarinics prescribed by their urologist and these included: oxybutynin 5 mg twice a day, tolterodine 2 mg twice a day, trospium 5 mg twice a day, solifenacin 5 mg once a day, darifenacin 7.5 mg once a day. The schedule of visits included a primary visit and three subsequent visits at 4, 8 and 12 weeks after treatment initiation. All patients were instructed of the need to have the rest of their antimuscarinics with them during all subsequent visits. During the second visit (4 weeks after the active phase of the study began) in patients where an effect of treatment was not noted, either the antimuscarinic dose was increased (doubled) or they changed to another antimuscarinic. One of objectives of the visit was to evaluate the patients' need for changing a drug or increasing its dosage. Treatment adherence was evaluated at 4, 8 and 12 weeks of follow-up using the BMQ, MASRI, and visual count of the remaining pills. The functional state of the LUT was evaluated using uroflowmetry and voiding diaries.
The MASRI is a questionnaire for self-evaluation of treatment adherence, and consists of a visual analogue scale, which helps to measure the adherence level in the range from zero to 100%. The MASRI also includes 12 questions divided into two scales used to help patients to identify the adherence level more confidently, but they are not used for evaluation themselves. The MASRI has been used to evaluate adherence in several prospective studies [23] , as well as to evaluate adherence to fesoterodine treatment in women with OAB [15] . The BMQ is a tool for evaluating treatment adherence and reasons for refusal of it, using an interviewing method. We used the BMQ as an external standard for the study. The BMQ contains three scales reflecting the level of adherence to the regimen, as well as the level of belief and recall. In addition, patient's answers are used to calculate the number of missed doses. Previously, it was shown that the BMQ has a good specificity, positive predictive value, and overall accuracy [19, 24, 28, 25] . The functional state of the LUT was evaluated using uroflowmetry (during patients' visits) [26] and voiding diaries (throughout the study) [27] , and any side-effects were recorded.
In summing and analysing all continuous variables the median and interquartile range were used. Describing categorical variables was performed using absolute and relative sign incidence.
The design validity, an extent of analysing the evaluation design tool, was evaluated by determining a relationship between non-adherence according to the MASRI and the presence of a belief barrier on the BMQ confidence monitor. We assumed that patients, who according to the MASRI score were nonadherent, were much more likely to have of a belief barrier than patients who were adherent to the drug. We compared the ratio of patients reporting a belief barrier, and patients who were adherent/non-adherent to treatment using the chi-squared test.
On the basis of previous similar studies, we assumed that the MASRI was an adequate tool, easily implemented in clinical practice for evaluating adherence to and reasons for the refusal of treatment. Constructive validity of the new tool was examined by comparing values of the MASRI 'adherence' scale and the BMQ 'belief' scale. A working hypothesis involved the assumption that patients with UI, who refused treatment according to the MASRI score, are much more likely to have low confidence in a good treatment outcome according to the BMQ score (the chi-square test was used to compare two samples of patients).
Criterion-competitive validity of the new tool was examined by comparing the number of refusals according to the MASRI and the number of missed doses on the BMQ adherence scale, as well as the results of the visual pill count. The calculation of correlation was performed using Spearman's correlation coefficient.
The ability of the MASRI to identify a difference between quantitative indices of signs in different groups (discriminant validity) was determined by the tool efficacy when comparing patients adherent and nonadherent to treatment. The BMQ data and the visual pill count were used as an external standard. The significance of differences was determined using the chisquared test.
Correlation of the tool with the objective state of the LUT was analysed by comparing variability curves for the percentage of patients who were adherent to treatment with curves reflecting average values of objective data of uroflowmetry and voiding diaries. The significance of differences was evaluated by the chi-squared test, and correlation using the Spearman's correlation coefficient.
Receiver operating characteristic (ROC) analysis was used to evaluate the optimum 'threshold' of data that could unreliably indicate treatment adherence (comparison with BMQ results). Also, we determined the specificity, sensitivity, and likelihood ratios for the MASRI to evaluate the probability of the refusal of treatment with the calculation of 95% CIs for each ratio. Differences were considered significant with a P < 0.05 and all P values were two-sided.
All statistical analyses were performed using the Statistical Analysis System (SAS) version 8.0.2 (SAS Institute Inc., Cary, NC, USA).
Results
In all, 89 (14.1%) patients [57 men (9.1%) and 32 women (5.1%)] of the initial 629 patients ceased to participate in the study for various reasons. We also failed to collect complete MASRI data in nine (1.3%) patients. Thus, the adherence data of 531 (84.4%) patients were available for analysis after 12 weeks of follow-up (Table 1) . Patient groups at the start and finish of the study had statistically homogeneous demographics and baseline characteristics.
Analysis of the BMQ results (regimen screen) revealed that, after 4 weeks of the study low treatment adherence was typical for 131 patients (20.
In the study of construct validity (Table 2) , we found that amongst patients who were non-adherent according to the MASRI data, 74% (4 weeks), 81.5% (8 weeks) and 83.5% (12 weeks) of the patients had a belief barrier according to the BMQ data. The difference between the percentage of adherent and non-adherent patients according to the MASRI data was significant throughout the experiment (P 0.01 at 4 weeks; P 0.01 at 8 weeks; P 0.05 at 12 weeks). The correlation between the change in the percentage of non-adherent patients according to MASRI and the percentage of patients having a belief barrier according to the BMQ was r = 0.85 (P 0.01), r = 0.89 (P 0.01), and r = 0.89 (P 0.05) at 4, 8, and 12 weeks, respectively.
There was a high level of correlation (r = 0.84, P 0.01; r = 0 72, P 0.01; r = 0.7, P 0.05 at 4, 8 and 12 weeks of follow-up, respectively) between the change in percentage of patients with missed doses in the BMQ regimen screen and the percentage of patients nonadherent according to the MASRI. The results of the visual pill count were also closely associated with the results of adherence evaluation using the MASRI (r = 0.65-81, P 0.05). These data support the hypothesis of a high competitive validity of the instrument.
In the study of the discriminant validity, we determined the confidence level of the adherence detection compared to the BMQ data. According to the MASRI, patients had a low adherence level at 4 weeks, at 126 (21.2%) vs 131 (22.1%) patients according to the BMQ data. In all, 189 (34.4%) patients showed a low adherence at 8 weeks according to MASRI vs 195 (35.5%) according to the BMQ data. In all, 257 (48.4%) patients had low adherence according to MASRI at 12 weeks vs 267 (50.3%) according to the BMQ data.
At 8 and 12 weeks of the study, the values of indicators of LUT function were significantly different in groups with different levels of treatment adherence according to the MASRI (Table 3 ). The correlation between the percentage of patients non-adherent to antimuscarinics according to the MASRI and the percentage of patients with impaired function of the LUT according to the voiding diaries was r = 0.45 (P 0.05) at 4 weeks; r = 0.51 (P 0.05) at 8 weeks, and r = 0.59 (P 0.01) at 12 weeks of follow-up. The correlation between the percentage of non-adherent patients and the percentage of patients with impaired function of the LUT according to uroflowmetry was: r = 0.55 (P 0.05) at 4 weeks; r = 0.59 (P 0.05) at 8 weeks; and r = 0.62 (P 0.01) at 12 weeks of followup. When comparing the data for men and women, it was established that the status of urodynamic markers was significantly different at all control points of observation (start, 4, 8, 12 weeks; P 0.05 in all cases), but the direction of urodynamics changes amongst those committed and not committed to treatment was not dependent on sex. In the ROC analysis, the area under the curve (AUC) reflected the acceptable values of the variables tending to 1 (Fig. 1) . The findings rejected the null hypothesis of the AUC validity at values close to 0.5. The AUC was 0.93 ± 0.03 after 4 weeks from the start of the study, 0.91 ± 0.05 after 8 weeks, and 0.96 ± 0.03 after 12 weeks. The 95% CIs were set up for the calculations. Thus, the null hypothesis of the discrimination power was rejected for all time intervals. The most acceptable ratio of sensitivity and specificity levels was recorded using a 90% threshold as a conventional barrier of adherence to antimuscarinic treatment (Table 4) . Sensitivity and specificity of the method at this level were 89% and 93% at 4 weeks, 85% and 91% at 8 weeks, and 89% and 91% at 12 weeks of follow-up. When using the 80% threshold of the adherence barrier according to the MASRI the high sensitivity of the method, but its relatively low specificity was noted.
To explore the possibility of extrapolating the data to the population, we calculated the positive likelihood ratio. When using the 80% threshold of the adherence barrier, this figure was found to be 7.92, 7.27 and 8.84, respectively, at 4, 8 and 12 weeks of follow-up. These values are lower than at 90% adherence barrier, but nevertheless acceptable for the requirements performance forecast.
Discussion
In the present study, we found that there was a high level of correlation (r = 0.85, P 0.01) between the percentage of non-adherent patients according to the MASRI data and the percentage of patients who had a belief Table 2 Belief barriers and rate of medication omission (screens of BMQ) for patients with <80% and 80% adherence to treatment (MASRI).
Follow-up
Level of adherence 4 weeks, n (%) (n = 593) 8 weeks, n (%) (n = 549) 12 weeks, n (%) (n = 531) . These data are similar to the results obtained in the study of the discriminant validity of the MASRI for OAB in women [15] and a number of other chronic diseases [21] . The dynamics of the functional state of the LUT in treatment with antimuscarinics in some cases did not coincide with the findings of other researchers [10, 11] , and was even slightly different from the results obtained in our previous studies [13] . However, the efficacy and safety of the specific antimuscarinic drugs with different pharmacodynamics characteristics have been studied during these experiments. The present study used different antimuscarinic drugs, leading to a mixed therapeutic effect. However, there was a correlation between the percentage of non-adherent patients and the percentage of patients with impaired LUT function according to uroflowmetry and voiding diary data.
During the ROC analysis it was found that the null hypothesis of excessive discrimination power of the tool was rejected at all time intervals. The curve analysis showed that the 90% threshold in the evaluation of adherence would be optimal for determining the resistance of patients, and the values of the positive likelihood ratio were quite acceptable for the adherence forecast. Considering the low adherence to doctor recommendations, which is typical for the patients taking antimuscarinics [10, 11, 29, 30] , the use of the 80% adherence evaluation barrier may, in our opinion, be considered optimal when using the MASRI as a forecasting tool.
The level of medication non-adherence in our present study was slightly higher than in standard randomised clinical trials, but was consistent with clinical practice [16, 30, 31] . This may be due to the design of the study, aimed at maximum approximation of the ways of interaction with the patient in routine clinical practice. We consider that the important result is the support of our assumption that, by the evaluation of adherence, the MASRI may be an effective alternative to the electronic count of pills, which may be accompanied by mistakes and be extremely time-consuming and cumbersome [14] . The BMQ questionnaire has a higher sensitivity and specificity compared with other existing methods; however, it requires considerable survey time and the employment of a special interviewer, which may be associated with additional costs and inconveniences in clinical practice [32] .
As it has been shown that the sensitivity, specificity and likelihood ratio of the MASRI at the 4-week follow-up are valid for an adequate assessment of adherence, we believe it would be advisable to use this tool in the initial phase of treatment with antimuscarinic drugs. In cases where patients are identified as non-adherent to treatment, it might be appropriate to use the BMQ for an in-depth study of the causes of failure to treat or patients' doubts as to antimuscarinic drugs benefits. The MASRI is a tool primarily intended for use in clinical practice. Thus, the results presented in our present study may be useful for practical use by doctors to assess the risk of refused treatment or adherence reduction in patients with UI. Of course, we do not consider this as an exhaustive the study and evaluation of the MASRI. The present study is not free from certain limitations. In particular, the sample of patients was disproportionate on the basis of gender, which could distort the results. We consider that further research of the MASRI would be suitable for the study of the effectiveness of this tool in the evaluation of clinical outcomes in patients with the UI taking antimuscarinic drugs for a long time, as well as combined therapy. It also requires further study of validity of the proportional sample of patients by gender.
Conclusion
Our present study has shown that the MASRI is a valid tool for assessing adherence to treatment in patients with UI taking antimuscarinic drugs. The use of the MASRI is appropriate in clinical practice to reduce the time for diagnostic procedures, simplify the assessment, and reduce costs.
